
Content	 V 

1.	 Introduction	 1
1.1.	 Abstract	 2

1.1.1.	 Design	 2
1.1.2.	 Operation	 2

1.2.	 Overview	 2
1.2.1.	 Gas turbine cycle	 3
1.2.2.	 Rankine- Cycle	 4
1.2.3.	 Steam turbine	 5
1.2.4.	 Heat Recovery Steam Boiler	 6
1.2.5.	 Combined Cycle II	 7
1.2.6.	 Market of Heat Recovery Steam Generator	 8
1.2.7.	 History	 10

1.3.	 Conversion of heat to electrical power	 11
1.3.1.	 Thermal efficiency	 11
1.3.2.	 Electrical efficiency	 13

2.	Design of a HRSG	 15
2.1.	 Over all design of a HRSG	 16

2.1.1.	 Pressure levels	 16
2.1.2.	 Drum type boiler vs. once through boiler	 19
2.1.3.	 Pinch Point method	 19

2.2.	 How to design a boiler	 24
2.2.1.	 Design of the duct	 24
2.2.2.	 Tube diameter, fin dimensions and tube pitches	 24
2.2.3.	 Scaling of fins	 26
2.2.4.	 Corrosion	 26
2.2.5.	 Fouling	 28
2.2.6.	 Fin efficiency and fin material	 32
2.2.7.	 Pipe wall thickness	 34
2.2.8.	 Header wall thickness	 35
2.2.9.	 Drum wall thickness	 35
2.2.10.	 Gas Side Pressure Drop	 35
2.2.11.	 Pressure drop on water side	 36
2.2.12.	 Natural circulation	 37
2.2.13.	 Forced through circulation	 38
2.2.14.	 Fin tube heat transfer	 38
2.2.15.	 Pipe turbulent heat transfer	 38
2.2.16.	 Pipe evaporation heat transfer	 38
2.2.17.	 Heat conductivity of steel	 38
2.2.18.	 Overall heat transfer	 39
2.2.19.	 Logarithmic mean temperature	 39
2.2.20.	 Designing of heating surfaces	 40
2.2.21.	 Noise and vibration problems at heat exchanger	 40
2.2.22.	 Regenerative feed water preheating vs. condensate preheating	 43
2.2.23.	 General Remarks	 44
2.2.24.	 Duct burner	 46



VI	 Content

2.2.25.	 Ductwork and casing	 48
2.2.26.	 Environmental considerations	 48
2.2.27.	 Site conditions	 48
2.2.28.	 Steaming in economizers	 49
2.2.29.	 Important notes	 50

3.	Operation of steam boiler	 51
3.1.	 Example of a start up	 52
3.1.1.	 Gas turbine mass flow	 52
3.1.2.	 Gas turbine temperature	 52
3.1.3.	 HP Steam mass flow	 53
3.1.4.	 HP Steam pressure	 53
3.1.5.	 Gradients	 54

3.2.	 Start up	 54
3.2.1.	 Deaeration of economizers	 54
3.2.2.	 Purging	 54

3.3.	 Drain	 55
3.4.	 Drum water level	 56
3.5.	 Water running through the economizer	 57
3.6.	 Start up of the gas turbine	 57
3.7.	 Life Cycle Fatigue	 58
3.8.	 Temperature gradients drums and headers	 59
3.9.	 How to start up faster	 62
3.10.	 Control system	 62

3.10.1.	 Drum water level control	 63
3.10.2.	 Level measurement	 63
3.10.3.	 Swell and shrink	 63
3.10.4.	 Single element control	 64
3.10.5.	 Two element control	 64
3.10.6.	 Three element control	 64
3.10.7.	 Four element control	 66
3.10.8.	 Pressure control	 66
3.10.9.	 Spray cooler control	 66
3.10.10.	 Control Methods	 66
3.10.11.	 Ziegler-Nichols Methods Facilitate Loop Tuning	 67
3.10.12.	 Load change	 68
3.10.13.	 Sliding Pressure	 68
3.10.14.	 Example of a load change with duct burner	 69
3.10.15.	 Load change of the gas turbine	 70
3.10.16.	 Duct burner	 71
3.10.17.	 Shut down	 72
3.10.18.	 Run out of turbine	 72

4.	Appendix I Converting factors	 72
5.	Appendix II Disclaimer	 73
6.	Literature		  76
7.	Contact		  77


